Introduction
============

Although there have been numerous studies regarding fusion rates following anterior cervical arthrodesis, there is a paucity of long-term data on the effect of fusion status on clinical outcome. In order to perform prospective outcome studies, there must first be a uniform consensus about what constitutes a solid fusion. While discrepancies in the fusion rates among various studies may be due to factors such as graft type, instrumentation, and surgical technique, an equally important factor may be the criterion used to assess the status of fusion. Variations in such a criterion may in part explain the wide variety of fusion rates reported in the literature. We undertook the present study to determine if there is a consensus opinion in the literature regarding the best methodology for the assessment of fusion status following an anterior cervical arthrodesis procedure.

Materials and Methods
=====================

A literature search was performed on Medline from 1966 to June, 2004. The key words entered were anterior, cervical, and fusion with the search limited to articles in the English language and human subjects. A total of 604 articles were selected by Medline. We divided these into two segments: the newer articles from 2000\~2004 and the older articles from 1966\~2000. These articles were then investigated as to their relevance to spine related procedures in which the authors reported on their results following anterior cervical procedures. All case reports were excluded as were articles dealing with circumferential fusion. One hundred and forty-four articles were selected due to their relevance to our study. These articles were analyzed as to the number of patients, their ages, follow-up period, graft type, diagnosis, and number of levels fused. Moreover, all of the articles were then examined for their definition of fusion along with their rate of fusion.

[Tables 1](#T1){ref-type="table"} and [2](#T2){ref-type="table"} present the information obtained from each segment (prior to 2000 and 2000-2004) reviewed.

Results
=======

One hundred and twelve articles from 1966 to 2000 reported on a combined total of 8,073 patients[@B1]-[@B112]. Most studies included a breakdown of the number of levels fused. However, for 967 patients the number of levels fused could not be determined. There were 3,692 one-level fusions, 2317 two-level fusions, 906 three-level fusions, 177 four-level fusions and fourteen five-level or greater fusions. The follow up period ranged from six months to nine years. Fusion rates in the studies varied from a low of nine percent to one hundred percent. The definition of fusion was highly variable amongst the studies. The most stringent definition of a solid fusion was spanning trabeculae across the graft/host interface AND the absence of motion on flexion/extension lateral cervical spine radiographs. Such criteria were noted in only fifteen percent of the articles (17/112). Thirty percent of the articles (34/112) considered the presence of EITHER spanning trabeculae across the graft/host surface OR the absence of motion on flexion/extension radiographs as adequate for determining successful fusion. Eighteen percent of the articles (20/112) based their definition of a solid fusion SOLELY on the presence of spanning trabeculae, while nine percent (10/112) of the articles based their criteria SOLELY on the absence of motion on flexion/extension lateral radiographs. The vast majority of studies gave no criteria for their definition of a solid fusion (61/112). Some studies based their arthrodesis rate solely on clinical grounds. Four of the studies used CT scans along with plain radiographs and one study used MRI to diagnose fusion. In addition, many of the studies examining fusion rates did not take post-operative radiographs on their entire sample but still managed to determine fusion rates.

Thirty two articles from 2000 to 2004 reported on a total of 3,006 patients[@B113]-[@B144]. There were 767 one-level fusions, 765 two-level fusions, 270 three-level fusions, twenty-two four-level fusions, and 1,182 patients whose operated levels were unknown. Follow up periods ranged from a few months to several years. Fusion rates ranged from sixty nine percent to one hundred percent. The more recent articles (2000-2004) were more particular about including their definition of fusion as only one study failed to report their definition of fusion. The most stringent definition of solid arthrodesis which was the presence of spanning trabeculae and absence of motion on flexion/extension cervical spine radiographs was used by sixty-three percent of the articles (20/32). Thirty-eight percent (12/32) considered EITHER the presence of spanning trabeculae OR the absence of motion on flexion/extension radiographs as adequate for determining successful fusion. Eleven of the thirty-two articles based their definition SOLELY on the presence of spanning trabeculae while one of the studies SOLELY looked at dynamic films. With regards to flexion/extension radiographs, however, there was discrepancy with respect to the amount of motion that was acceptable to deem a fusion solid. Some articles based their fusion rate on no motion, while others would accept 2° of angular motion and some would accept 4° of angular motion. Five of the articles gave their own classification system for fusion.

Discussion
==========

Fusion depends on a variety of factors such as the stability and type of graft, the status of the grafting bed, and the condition of the host. The variance of these can lead to a wide discrepancy in fusion rates following anterior cervical spine surgery. On the other hand, uniformly performed studies utilizing similar procedures, grafts, diagnoses, patient populations and surgical techniques should have fairly uniform fusion rates. Such an assumption can only be tested if the criteria for the determination of fusion are uniform.

We undertook this study to determine if a consensus opinion for fusion exists in the literature.

In the present study, we reviewed a total of 144 articles on anterior cervical fusion in order to determine if there is a consensus on the definition of fusion. As can be seen from the data, no such consensus existed in the earlier literature. However, it appears that a consensus is beginning to emerge in the newer literature. The majority (63%) of these later articles utilize the most stringent plain radiographic definition of fusion.

Some studies in our analysis quote very high fusion rates basing their assessment solely on clinical criteria or patients\' subjective feelings. Other studies reveal lower fusion rates; however, these studies use more stringent criteria of bridging trabeculae crossing the graft/host interface and absence of motion on dynamic films. What we found most surprising was that more than half of the older articles examining fusion following anterior cervical spine surgery fail to give any definition of fusion. Smith and Robinson in their landmark articles[@B145],[@B146], used this more stringent definition of fusion. While there has been a lot of deviation from these criteria over the years, it appears that we are finally returning to the recommendations made fifty years ago.

We are unaware of any studies that have actually examined the accuracy of the various radiographic criteria for assessing fusion. It may be that the presence of bridging trabeculae is more accurate than the absence of motion on flexion/extension views or vice versa. The question also remains as to the interpretation of the fusion status when these two assessment methods disagree. Until a clinical-pathological study is performed where radiographic examination is followed by histological confirmation, it cannot be unequivocally determined which of these two assessment methods is the most accurate.

Nevertheless, we believe that if there are times when a pseudoarthrosis can only be detected on either dynamic or static views, and therefore both are required to confirm the diagnosis.

To date, no study has determined unequivocally if fusion status has any bearing on outcome. Before such studies are undertaken, we need to develop a uniform definition of solid arthrodesis following anterior cervical spine surgery. Further, for meaningful comparisons amongst studies, the measurement tool needs to be uniform. To that end, we recommend that all studies reporting on fusion rates use flexion/extension films in addition to static radiographs. A solid bony arthrodesis can then be based on the presence of both bridging trabeculae and the absence of motion on flexion/extension radiographs.
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Literature review data from 1996 to 2000 study
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bt/st: bridging/spanning trabeculae, Fe: flexion/extension.
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Literature review data from 2000 to 2004 study
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